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D I C K E Y - L I N C O L N SCHOOL LAKES 
M A I N E , U . S . A . AND QUEBEC, C A N A D A 
DESIGN MEMORANDUM NO. 2 
H Y D R O L O G Y AND HYDRAULIC ANALYS IS 
SECTION IV - L I N C O L N SCHOOL D A M -
S P I L L W A Y DESIGN FLOOD 
1. PURPOSE 
This report , Section IV, is the fourth of f i ve sections compr i s -
ing Design Memorandum No. 2. This section, on the development 
of the spi l lway design f lood (SDF) fo r the Lincoln School pro j ec t , 
descr ibes the hydrologic c r i t e r ia used and analysis pe r f o rmed in 
determining the SDF. Included are discussions on unit hydrograph 
development, probable maximum precipitat ion, spil lway design 
f lood hydrograph, with and without snowmelt, and pre l iminary sizing 
of the spi l lway tainter gates f o r the Lincoln School dam. 
2. A U T H O R I Z A T I O N 
The Dickey-L inco ln School pro jec t was authorized by the Flood 
Control Act of 1965, Public Law 89-298, 89th Congress , 27 October 
1965, which reads in part as fo l lows : 
"The D ickey-L inco ln School pro j ec t , Saint John 
R i v e r , Maine, is hereby authorized as approved 
by the Pres ident on July 12, 1965 and substan-
t ia l ly in accordance with the plans included in the 
report of the Department of the Interior and the 
Corps of Eng ineers , dated August 1964, which is 
a supplement to the July 1963 report of the Inter-
national Passamaquoddy T ida l Power P r o j e c t and 
Upper Saint John R i v e r Hydroe lec t r i c Powe r 
Deve lopment . " 
3. P R E V I O U S L Y S U B M I T T E D H Y D R O L O G Y 
DESIGN MEMORANDUMS 
a. Section I - "C l imato logy and S t r eamf l ow" of Design Memo-
randum No, 2, submitted 28 A p r i l 1967, presented a descr ipt ion 
of the Saint John R i v e r basin upstream of Fo r t Kent, Maine and a 
summary of c l imato log ica l and stream discharge data in the upper 
Saint John R i v e r watershed. Col lect ion of sedimentation and water 
quality data is now underway and wi l l be presented in Design Memo-
randum No. 5 - "Wate r Quality. " 
b. Section II - "S t ream Divers ion at the Dickey P r o j e c t " in-
cluded the method of d ivers ion during construction, determination 
of the d ivers ion f lood and the hydraulic analysis of the d ivers ion 
tunnel. A supplement or a rev ised Section II report wi l l be resub-
mitted pending the outcome of on-going pro jec t restudies. 
c. Section III - "Dickey Dam - Spil lway Design Flood, " sub-
mitted in May 1975, included the development of the SDF f o r the 
Dickey pro j ec t , describing the hydrologic c r i t e r i a used and analy-
sis p e r f o rmed and the results of routing the f lood through the 
r e s e r v o i r in o rder to establish surcharge length relations fo r the 
spi l lway at Dickey dam. Because of the inter im per iod of deact i -
vation of the Dickey pro j ec t the general c l imato logy f o r m e r l y 
presented was updated and included in this report . 
4. BASIN DESCRIPT ION 
The Saint John R i v e r basin with a total drainage area of 21, 600 
square m i l e s , shown on plate 2 - I V - l , is located in northern Maine 
and in the adjacent Canadian Prov inces of Quebec and New Bruns-
wick , between the watersheds of the St. Lawrence R i v e r to the 
north and the Penobscot R i v e r to the south. A map delineating the 
upper Saint John watershed above For t Kent, Maine (DA = 5,960 
square m i l e s ) and above the Dickey and Lincoln School dam sites 
(DA = 2,712 and 4, 073 square m i l e s , r espec t i ve l y ) is shown on 
plate 2 - I V - 2 . The L incoln School dam site is located on the Saint 
John R i v e r about 10 m i l e s below the mouth of the Al lagash R i v e r , 
11 m i l e s be low the planned Dickey site, and 19 mi l es above For t 
Kent. The present drainage area at the site is 4,073 square m i l e s , 
but with construction of a dike across Fa l l s Brook, a tr ibutary of 
the St. F ranc i s R i v e r , the p ro j e c t wi l l have a gross drainage area 
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of 4,086 square m i l e s . The highly wooded watershed is general ly 
gently roll ing with numerous small swamps and ponds. Elevations 
vary f r o m about 1,900 feet ms l in the southeastern portion of the 
drainage area to 545 feet ms l at the Lincoln School dam site. 
F lood discharges at Lincoln School dam wi l l be comprised of 
d ischarge f r o m Dickey dam, f lows f r o m the Al lagash R i v e r , and 
runoff f r o m the 101-square mi l e local drainage area. 
5. A L L A G A S H R IVER DESCRIPT ION 
The Al lagash R i ve r watershed with a total drainage area of 
about 1,260 square m i l e s , shown on plate 2 - IV -2 , empties into the 
Saint John R i v e r between the Dickey and Lincoln School dam sites. 
The r i v e r r i ses in Churchil l Lake in northern Piscataqua County, 
Maine and f lows norther ly about 63 mi l es f r om the outlet of Churchill 
Lake to its confluence with the Saint John R i ve r , 1 mi le below the 
Dickey dam site, and 10 mi l es above the Lincoln School dam site. 
The 1, 260 square m i l e drainage, does not include 240 square mi l es 
of drainage upstream f r o m the outlet of Chamberlain Lake which 
has been d iver ted permanently to the East Branch of the Penobscot 
R i v e r . The drainage area is somewhat mountainous, with steep 
short slopes and short tr ibutar ies , but with large amounts of storage 
areas in numerous good-s ized lakes and ponds in the upper water -
shed. Elevat ions vary f r o m about 1, 900 feet ms l in the southeast 
port ion of the drainage area to about 580 feet ms l at the mouth. 
6. C L I M A T O L O G Y 
The c l imate of the upper Saint John R i ve r basin is semi-humid 
with an average year l y temperature of approximately 40° Fahrenheit 
and average yea r l y precipitat ion of 36 inches. Due to its norther ly 
location, the area has escaped the brunt of coastal hurricanes with 
the ir accompanying intense rainfal l . The area does exper ience 
per iods of moderate rain and/or snowfall as a result of low pressure 
systems moving up the east coast and f r o m frontal systems moving 
f r o m west to east across the country. Cl imato log ica l data f o r the 
reg ion was presented in Design Memorandum No. 2 - Section III -
Dickey Dam - Spi l lway Design Flood, n dated May 1975. This data 
included temperature , precipitat ion and snowfall data f o r severa l 
locations in or near the upper Saint John R i ve r watershed. Locations 
of c l imato log ica l stations are shown on plate 2 - IV -3 . 
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7. S T R E A M F L O W RECORDS 
There are six recording s t ream gages in the Saint John R iver 
basin above Fo r t Kent, Maine (shown on plate 2 - IV -3 ) , with four 
rruiintained by the U .S . Geo log ica l Survey and two maintained by a 
joint agreement between the United States and Canada. Three of 
the stations are located on the main stem of the Saint John R i v e r 
and the others on the Al lagash, St. Franc is and Fish R i v e r tr ibu-
ta r i es . The mean, max imum and minimum discharges f o r these 
stations and the peak discharges of record at each of the six gaging 
stations w e r e tabulated in Design Memorandum No. 2 - Section III -
"D ickey Dam - Spil lway Design Flood, " dated May 1975. P lots of 
mean dai ly d ischarges of the Saint John R i ve r at Dickey, Maine and 
the Al lagash R i v e r at A l lagash, Maine f o r their respect ive per iods 
of r ecord we r e also included. This avai lable s t reamf low data was 
used extens ive ly in the development of the spi l lway design f loods 
f o r both Dickey and Lincoln School. 
This section of Des ign Memorandum No. 2 concerns mainly the 
hydro log ic analysis of the area between the Dickey and Lincoln 
School dam sites, compr ised of the Al lagash R i ve r watershed and 
a smal l intervening loca l a rea . F low records of the Al lagash R i ve r 
at the USGS gage w e r e used in this analys is . Mean, max imum and 
min imum d ischarges , and the peak discharges of record at the gage 
are summar ized in table 1. 
8. L I N C O L N SCHOOL S P I L L W A Y DESIGN F L O O D 
a. Genera l . The t e r m "sp i l lway design f l ood " r e f e r s to the 
f lood hydrograph resulting f r o m the probable max imum precipitat ion 
on ground saturated f r o m prev ious s torms. It is considered to be 
the most s eve re design c r i t e r i a " reasonably poss ib l e " f o r sizing the 
L inco ln School spi l lway. Use of this f lood assuming an init ial ly full 
r e s e r v o i r pool at the start of the f lood at both Dickey and Lincoln 
School, assures that L incoln School spi l lway capacity wi l l adequately 
mee t secur i ty prov is ions of the latest spi l lway design c r i t e r ia as 
presented in EC 1110-2-27 f o r Standard 1, whereby the dam and 
spi l lway are designed to prevent overtopping by f loods produced by 
s torms up to probable max imum sever i t y . 
The design f lood was determined by the unit hydrograph-ra in fa l l 
excess method in accordance with procedures outlined in E M 1110-
2-1405, "F l ood -Hydrog raph Analyses and Computations, " dated 31 
August 1959. 
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T A B L E 1 
PERT INENT DATA 
A L L A G A S H RIVER GAGE NEAR ALLAGASH, MAINE 
(DA = 1, 250 Square Mi les ) 
1932 - Present 
Record Floods Record Floods 
Monthly Discharge in CFS (Winter - Spring Events) (Summer Events) 
Month Mean Maximum Minimum Date Discharge Date Discharge 
(cfs ) (c fs ) 
January 651 1, 865 192 29 Apr 1973 29, 400 18 Sep 1932 16, 500 
February 492 1, 662 119 17 May 1961 28, 800 28 Jun 1954 13, 800 
March 618 3, 560 181 1 May 1974 26, 400 9 Nov 1963 12, 200 
Apr i l 3, 921 8, 699 623 5 May 1933 23, 400 24 Aug 1971 11, 200 
May 7, 009 13, 550 3, 403 5 May 1942 22, 500 29 Aug 1939 11; 000 
June 2, 340 4, 544 719 11 May 1969 22, 300 19 Aug 1958 10, 400 
July 1, 440 4, 053 365 11 May 1959 21, 500 13 Dec 1950 10, 400 
August 1, 151 4, 535 165 23 Apr 1958 19, 000 12 Sep 1954 10, 100 
September 1, 026 3, 133 122 21 Apr 1941 17, 600 
October 1, 151 3, 776 149 
November 1, 560 4, 628 235 
December 1, 178 4, 549 252 
A N N U A L 1, 878 2, 703 989 
The L incoln School spi l lway design hydrograph was developed by 
centering the max imum probable storm over the watershed, deve lop-
ing the inf low to Dickey, routing it through an init ial ly ful l Dickey 
pool and combining the outflow with the computed runoff hydrograph 
f r o m the drainage area between Dickey and Lincoln School. 
b. Unit hydrograph analysis 
(1) Genera l . Unit hydrographs developed for the watershed 
upstream of the Dickey dam site were presented in Section III of 
Design Memorandum No. 2. These four adopted unit hydrographs, 
shown on plate 2 - IV -4 , were ut i l ized without modi f icat ion in the de-
velopment of the Lincoln School SDF inf low to the Dickey pool . 
A unit hydrograph f o r the drainage area between Dickey and 
Lincoln School was developed f r o m Al lagash R i ve r f low data. The 
gage is located about 3 m i l e s upstream f r o m the mouth of the r i v e r 
and measures runoff f r o m almost 92 percent of the drainage area 
between the Dickey and Lincoln School dam si tes. 
(2) Subareas. Fo r purposes of analysis the 4,086 square 
mi l e watershed was divided into f i ve subareas as shown on plate 
2 - IV -3 . Table 2 l ists the drainage areas of the respect ive sub-
areas . 
(3) Unit hydrograph f o r area between Dickey and Lincoln 
School dam s i tes . The U .S . Geo log ica l Survey has continuous 
f low records fo r the Al lagash R i ve r dating back to September 1931. 
This f l ow data faci l i tated the development of a design unit hydro-
graph that, with minor modi f icat ion, would represent the entire 
1, 3 61 square mi l e drainage area between Dickey and Lincoln School 
dams. A rev i ew of the discharge records revea led that the f loods 
of July 1951, June 1954, August 1954, September 1954, August 1958, 
July 1962 and August 1971 were suitable f o r unit hydrograph analy-
ses. Unit hydrographs der ived f r o m the July 1951, June 1954 and 
September 1954 storms had higher peak discharges than the others. 
Der ivat ions of the unit graphs f r o m these three f loods are shown 
on plates 2 - IV -5 through 2 - IV -7 . Results of the studies on all f loods 
are summar ized on plate 2 - IV -8 . The determinat ion of these unit 
hydrographs was p e r f o rmed uti l iz ing both the procedure outlined in 
E M 1110-2-1405 (F lood Hydrograph Analyses and Computations) and 
the computer p r og ram entit led: "Unit Hydrograph and Loss Rate 
Op t im i za t i on , " dated August 1966, prepared by the Hydro log ic 
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T A B L E 2 
L INCOLN SCHOOL SUBWATERSHEDS 
Description Square Mi les 
Saint John River upstream 
of Ninemile Bridge gage 1, 290* 
Big Black R iver above 910 
feet ms l full pool elevation 164* 
Loca l area between dam site and Ninemile Bridge 1, 137* 
Dickey r ese rvo i r area at 
910 feet msl full pool 
elevation 134* 
A rea between Dickey and 
Lincoln School dam sites 1, 361 
T O T A L 4,086 
* Drainage area located upstream of proposed 
Dickey dam. Unit hydrographs developed in 
conjunction with Dickey spillway design flood 
analysis. 
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Engineering Center , Corps of Engineers , Davis, Ca l i forn ia . Rain-
fa l l excess over the watershed f o r the various storms was deter -
mined f r o m the volume of the recorded runoff hydrograph in the 
absence of extensive rainfal l data. 
As shown on plate 2 - IV -8 , peaks of the computed unit graphs 
var ied f r o m 9, 750 to 13,100 c f s . This d i f f e rence was considered 
due to var iat ions in rainfal l pattern and intensity over the drainage 
area , and antecedent hydrologic conditions of the watershed. Hydro-
log ic studies in a la rge number of r i v e r basins throughout the United 
States as wel l as New England have shown that peaks of unit hydro-
graphs der i ved f r o m m a j o r f lood hydrographs representing runoff 
vo lumes g rea te r than approximate ly 5 inches, were f r o m 25 to 50 
percent higher than values computed f r o m records of smal ler 
f l oods , with 1 to 2 inches of runoff. D i f f e rences in peaks are not 
d i rec t ly proport ional to the volume of f lood runoff, but apparently 
are the result of a number of f ac tors , some of which have greater 
influences during certa in f loods than in others such as distribution 
and concentration of ra infa l l , natural storage in the basin and changes 
in hydraulic gradients in main r i v e r channels as wel l as tr ibutary 
s t reams. F.ainfall associated with the 7 storms used for unit hydro-
graph development in this study var ied f r o m 1.94 to 3. 60 inches. 
The unit hydrograph der ived f r o m the July 1951 storm at 
the Al lagash gage had a representat ive shape and the highest peak 
discharge of the seven summer storms analyzed. This selected 
hydrograph was f i r s t modi f ied to re f l ec t the increase in drainage 
area between the r i v e r gage and the Lincoln School dam site using 
drainage area rat ios . This modi f icat ion consisted of increasing 
the peak discharge f r o m 13, 100 to 14,300 c f s . Secondly, to re f l ec t 
the increased runoff rate expected under g rea te r and more intense 
ra infa l l , and in accordance with E M 1110-2-1405, the 6-hour unit 
hydrograph was further peaked 50 percent to an ordinate of 21, 500 
c f s . The adopted 6-hour unit hydrograph is shown on plate 2 - IV -9 . 
The shape and t iming of the adopted unit hydrograph for the 
area between the Dickey and Lincoln School dams does not appear 
consistent with those developed f o r the subareas upstream of Dickey 
dam as shown on plate 2 - IV -10 . A log ica l explanation f o r these 
d i f f e r ences are the hydrolog ic d i ss imi la r i t i e s between the upper and 
l ower A l lagash watershed. The upper watershed is f lat and charac-
t e r i z ed by a signif icant amount of natural and/or manmade storage 
(12 m a j o r water bodies ) and the re f o re is re la t i ve ly sluggish; 
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T A B L E 1 
C O M P A R A T I V E DATA ON ADOPTED UNIT HYDROGRAPHS 
DA (sq. m i . ) 
t R ( h r s . ) 
Qp ( c f s ) 
q p (csm) 
t p ( h r s . ) 
Ct 
C p 640 
L (mi les ) 
L c a (mi l es ) 
Upper Allagash 
River 
720 
6 
11,500 
16. 0 
14 
2. 04 
224 
38 
16 
Lower Allagash 
Plus Lincoln 
School Local 
641 
20 ,000 
31. 2 
14 
1. 66 
437 
53 
23 
Area Between 
Dickey and 
Lincoln School* 
1, 361 
6 
21,500 
15. 8 
14 
1. 20 
221. 2 
91 
40 
Ninemile R iver 
1, 290 
6 
22, 500 
19. 8 
21 
2. 1 
416 
65 . 8 
29.9 
Dickey Loca l 
1, 137 
6 
39,000 
34. 3 
11 
1.6 
377 
16. 2 
8. 3 
* Area between Dickey and Lincoln School consists of Upper Allagash 
River and Lower Allagash plus Lincoln School local components 
whereas , the lower watershed is steeper with no m a j o r storage 
areas . By a rb i t ra r i l y separating the unit hydrograph for the total 
area into representat ive upper and lower watershed components, 
based on hydrolog ic character is t i cs of the watershed, as shown on 
plate 2 - IV -11 , it was found that the upper watershed component 
then had character is t i cs s imi lar to the Saint John R i ve r above Nine-
m i l e br idge and the l ower component was more s imi lar to the unit 
graph adopted for the Dickey local area. Comparat ive unit hydro-
graph data is presented in table 3. 
c. Probable maximum precipitat ion. Procedures and rainfal l 
values in the report entitled, "Probab le Maximum Prec ip i tat ion for 
Saint John R i v e r Above Dickey Damsite and Between Dickey and 
Lincoln School Damsi tes , Maine, " prepared in December 1966 by 
the Hydrometeoro log ica l Branch of the U .S . Weather Bureau were 
used to determine the spi l lway design flood for the Lincoln School 
dam. This report prepared at the request of the Corps of Engi-
neers was included as Appendix A in "Des ign Memorandum No. 2, 
Hydrology and Hydraulic Analys is , Section III - Dickey Dam -
Spil lway Design F lood. " 
The storm isohyetal pattern was located over the basin with 
various alignments and center locations in an attempt to produce 
the most c r i t i ca l discharge hydrograph conditions at the Lincoln 
School dam site. The adopted storm isohyetal pattern, shown on 
plate 2 - IV -12 was centered over the Al lagash R i v e r watershed with 
its long axis running in a northeast-southwest direct ion. Table 4 
l ists the depth-area relations implied by the isohyet labels . 
T A B L E 4 
ISOHYET V A L U E S FOR P A T T E R N STORM 
Enclosed Highest 2nd Highest A l l Other 6-Hr 
Isohyet A r ea 6-Hour P M P 6-Hour P M P Increments 
(sq. m i . ) 
Cente r 
A 
B 
C 
D 
E 
10 
70 
635 
10. 2 
8. 7 
7.4 
6.7 
6. 1 
5. 7 
2.7 
2.4 
2. 2 
2. 1 
2. 1 
2. 0 
Do not use iso-
hyet s. Uni form 
precipitat ion 
throughout 
drainage. 
1, 660 
3, 270 
5, 150 
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Losses f r o m infi l tration, surface detention, transpiration and 
other intangible factors were assumed at a rate of 0.05 inch per 
hour which is consistent with minimum losses determined in p re -
vious studies f o r the New England area. Ave rage rates of a l l -season 
P M P , rainfal l excess , and rearranged rainfal l excess uti l ized in the 
development of the SDF components upstream of Dickey and between 
Dickey and Lincoln School are shown in table 5. 
d. Spil lway design f lood. Components of the spil lway design 
f lood w e r e der ived fo r the f i ve subareas by applying rainfal l excess 
values to the adopted unit hydrographs. The four subwatersheds l o -
cated upstream of Dickey were combined with a constant base f low 
(10 cfs pe r square m i l e ) and routed through the Dickey pro jec t . The 
re la t i ve ly high base f low of 10 cfs per square mi le was considered 
reasonable, since a preceding f lood would have had to occur to insure 
that the r e s e r vo i r would be initially f i l l ed to spil lway cres t . The 
Lincoln School SDF inflow component at Dickey was routed through 
the r e s e r v o i r assuming the fol lowing conditions: 
(1) R e s e r v o i r init ial ly f i l l ed to spil lway cres t . 
(2) Dam operated using the provis ional rule curve for the 
turbines and outlet capacity (maximum turbine discharge equals 
40, 000 c fs and maximum outlet capacity equals 32, 000 c f s ) as de-
scr ibed in Design Memorandum No. 2, Section III, Dickey Dam -
Spil lway Design F lood. 
(3) Spi l lway crest length equals 600 feet at elevation 910 feet 
above mean sea l e ve l . 
(4) Spi l lway rating curve and storage-out f low data developed 
in the Dickey SDF analysis were applicable. 
The resulting "L inco ln School SDF" inflow hydrograph to Dickey 
had a peak discharge of 446,800 c fs , equivalent to 164 csm, and an 
average runoff volume of about 7.9 inches f r o m the 2, 725 square 
m i l e drainage area . The peak outflow f r o m Dickey after routing 
was 125, 000 c f s . The results of the routing through the Dickey 
r e s e r v o i r are shown on plate 2 - IV-13 . 
The drainage area between the Dickey and Lincoln School dams 
(Al lagash R i v e r ) produced an SDF hydrograph with a peak of 210, 300 
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T A B L E 5 
PROBABLE MAXIMUM P R E C I P I T A T I O N 
T ime 
(hrs ) 
0 
6 
12 
18 
24 
30 
36 
42 
48 
54 
60 
66 
72 
Total 
Saint John R i ve r Above 
Nine Mi le Br idge 
(DA = 1, 290 square mi l e s ) 
Adopted 
Rainfal l Pattern 
Rainfal l Excess of Excess 
5. 60 
1.90 
0. 70 
0.70 
0. 25 
0. 25 
0. 25 
0. 25 
0. 08 
0.08 
0.07 
0.07 
10. 20 
5. 30 
1. 60 
0.40 
0.40 
0. 40 
1. 60 
5. 30 
0. 40 
Big Black R iver Above 910 
feet ms l Pool Elevation 
(DA = 164 square mi l es ) 
Adopted 
Rainfal l Pattern 
Rainfal l Excess of Excess 
7. 70 7.70 
5. 20 
1.80 
0.70 
0.70 
0. 25 
0. 25 
0. 25 
0. 25 
0. 08 
0.08 
0. 07 
0.07 
9.70 
4. 90 
1. 50 
0.40 
0. 40 
0.40 
1. 50 
4.90 
0.40 
Dickey Reservo i r Area at 
Elevation 910 feet msl 
(DA = 134 square mi l e s ) 
Adopted 
Rainfall Pattern 
Local Area Between Dickey 
Dam site and Nine Mile Bridge 
(DA - 1, 137 square mi l ee ) 
Adopted 
Rainfall Pattern 
Rainfall Excess of Excess Rainfall Excess of Excei 
7. 20 7. 20 
6 .20 
2. 10 
0.70 
0.70 
0. 25 
0. 25 
0. 25 
0.25 
0.08 
0.08 
0. 07 
0.07 
11. 00 
6. 20 
2. 10 
0.70 
0. 70 
0. 25 
0. 25 
0. 25 
0.25 
0.08 
0.08 
0.07 
0.07 
11.00 
0.07 
0.08 
0.25 
0. 25 
0.70 
2. 10 
6 . 2 0 
0.70 
0.25 
0. 25 
0.08 
0. 07 
11. 00 
5.80 
2.00 
0.70 
0.70 
0. 25 
0. 25 
0. 25 
0. 25 
0.08 
0.08 
0.07 
0.07 
10.50 
5.50 
1.70 
0.40 
0.40 
0.40 
1.70 
5. 50 
0.40 
Area Between Dickey and 
Lincoln School Damsite* 
(DA = 1, 361 square m i l e s ) 
Adopted 
Rainfal l Pattern 
Rainfal l Excess of Excess 
8.00 8. 00 
7. 60 
2.00 
0.70 
0. 70 
0. 25 
0. 25 
0. 25 
0.25 
0. 08 
0.08 
0.07 
0. 07 
12. 30 
7. 30 
1.90 
0.40 
0.40 
0.40 
1.90 
7. 30 
0.40 
10.00 10.00 
Storm Isohyetal Pattern Centered Over Allagash River Watershed 
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cfs occurr ing 60 hours af ter the beginning of rainfal l over the basin. 
A base f low of 10 csm was also assumed in the development of this 
hydrograph. Combining this hydrograph with the outflow hydrograph 
f r o m Dickey as shown on plate 2- IV-13 produced the SDF hydrograph 
at L incoln School with a peak discharge of 318,500 c f s , equivalent to 
78 csm, f r o m the 4,086 square mi le drainage area . The developed 
design hydrograph is shown on plate 2 - IV-14 . It is noted that due to 
th.-e re la t i ve ly smal l amount of storage capacity in Lincoln School 
Lake no attempt was made to route SDF hydrographs through Lincoln 
School. It was assumed for purpose of design that outflow equaled 
inf low. 
e. Probable maximum flood with snowmelt. The all season 
probable max imum nonsnowmelt f lood was adopted for spil lway de-
sign at L incoln School; however , probable maximum snowmelt f loods 
we r e also developed for comparat ive purposes. Though histor ica l ly , 
f loods on the Saint John and Al lagash R ivers have resulted f r o m 
snowmelt or snowmelt in conjunction with rainfal l , the nonsnowmelt 
f lood resulting f r o m the all season Probable Maximum Prec ip i tat ion 
( P M P ) was considered more real ist ic f o r spil lway design for the f o l -
lowing reasons: 
(1) The spring P M P is less than the all season with the Apr i l 
and May values 79 and 86 percent of the all season, respect ive ly . 
(2) Though the snowmelt f lood has greater volume, peak rate 
of ra infa l l - runof f associated with a snowmelt f lood is attenuated due 
to the impedance e f f ec t of the snowpack. Peak rates of runoff as-
sociated with snowmelt f loods in the region very seldom exceed 30 
csm, whereas , peak rates of runoff of the probable maximum non-
snowmelt f lood exceeded 150 csm. 
(3) The Dickey rule curve wi l l stipulate that the r e se r vo i r 
be drawn down each winter providing storage capacity at the begin-
ing of the spring season sufficient f o r the storage of the spring 
snowmelt , thereby, reducing signif icantly the contribution of this 
control led drainage area to snowmelt f loods at Lincoln School. 
F o r comparat ive purposes, a springtime probable maximum 
f lood with snowmelt was developed as f o l l ows . Snowmelt was deter -
mined by the fo l lowing equation presented in Volume 4, "Hydro log ic 
Engineering Methods for Water Resources Development, 11 dated 1973 
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and prepared by the Hydro log ic Engineering Center , Davis , Ca l i fo rn ia . 
M = . 09 + (. 029 + . 0084kW + . 0 0 7 R ) ( T - T F ) 
whe re : 
M = Snowmelt in inches 
k = Convect ion minus condensation mel t constant f o r a 
basin which represents the mean exposure of the 
basin: 0. 3 f o r a densely forested basin to 1. 0 f o r an 
unforested basin 
W = Wind speed in m i l e s per hour at 50 feet above the 
snow 
R = Rainfal l in inches per day 
T = A i r temperatures in degrees Fahrenheit at the 10-
foot l e ve l 
T F = Tempera ture of the snowgack in degrees Fahrenheit , 
usually assumed to be 32 F . f o r a melt ing snowpack 
Snowmelt at L incoln School was computed assuming a t empera -
ture of 45 Fahrenheit , a wind speed of 10 m i l e s per hour and the 
spr ingt ime probable max imum precipi tat ion. 
Total runoff at L incoln School was the sum of snowmelt runoff, 
72-hour excess ra infa l l , an assumed base f low of 13, 600 c f s , f o r the 
1, 361 square m i l e drainage area between the Dickey and Lincoln 
School p ro j ec t and discharge f r o m Dickey dam. Hydrographs were 
developed by applying the springt ime probable max imum excess rain-
fa l l plus snowmelt to the adopted unit hydrograph. The Dickey dam 
d ischarges we r e predicated on two assumed conditions: 
(1) That Dickey was in the process of f i l l ing and there fore 
a constant re l ease of 72, 000 cfs would occur . This is the assumed 
max imum discharge through the turbines and low l eve l outlet. 
(2) That the Dickey r e s e r v o i r is init ial ly at spi l lway crest 
and the rule curve f o r r e l eases , as presented in Section III f o r De-
sign Memorandum No. 2, is fo l lowed. 
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The resulting snowmelt f lood hydrographs at Lincoln School r e -
f lect ing both the constant and the varied re leases by rule curve at 
Dickey are shown on plates 2- IV-15 and 2- IV-16 , respect ive ly . 
Table 6 summar izes the data on the SDF components and the total 
L incoln School SDF f low f o r the ail season nonsnowmelt event and 
f o r the two snowmelt conditions. The peak f loodf lows for the three 
conditions var ied f r o m a low of 306, 000 c fs to a maximum of 340, 000 
c f s . These sensit ivity studies demonstrated most importantly that 
the varying conditions had l itt le impact on the resulting f lood peak at 
L incoln School. The probable maximum snowmelt f lood, with max i -
mum regulated re leases f r o m Dickey, resulted in a peak f low of 
306, 000 cfs or 4 percent less than the adopted design f lood. The 
same snowmelt f lood with Dickey initially f i l l ed to spil lway crest 
resulted in a peak flood only 7 percent greater than the adopted de -
sign f lood. Because of the small increase in f lood peak and the fact 
that the International Trea ty wi l l require that the Dickey pool be 
drawn down pr i o r to spring snowmelt, the latter snowmelt flood 
condition was not adopted for design. 
9. L I N C O L N SCHOOL HEAD POOL 
The area-capac i ty curves for Lincoln School Rese r vo i r are 
shown on plate 2 - IV -17 . Lincoln School wi l l provide about 60, 000 
a c r e - f e e t of regulating storage between a maximum and minimum 
power pool l e ve l of 620 and 590 feet ms l , respect ive ly , and wil l be 
used f o r two purposes: (a) regulating f lows f r o m Dickey, and (b) 
providing storage f o r power operations at the Lincoln School plant. 
Since storage to regulate f loodf lows is insuff icient, the Lincoln 
School spi l lway w i l l be designed assuming peak outflow f r o m the 
r e s e r vo i r equals peak inf low. 
The maximum power pool elevation at Lincoln School wi l l be 
620 feet ms l (top of gates) , but in the event of a spil lway design 
f lood, the pool would r ise 5 feet to 625 feet ms l for gate operation. 
The guide taking line around Lincoln School Rese r vo i r wi l l be 
genera l ly e levat ion 625 feet ms l or 300 feet horizontal f r o m the 
620 feet ms l l e ve l , whichever is g rea te r . 
10. L I N C O L N SCHOOL T A I L W A T E R RATINGS 
R i v e r stages at the Lincoln School dam site are a function of 
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T A B L E 6 
q p 
C O M P A R A T I V E SDF P E A K FLOWS 
A T L INCOLN SCHOOL DAM 
Peak Discharge 
f r om Allagash Peak Discharge 
Dickey Dam Plus Lincoln at Lincoln 
Peak Outflow School Local Inflow School Dam 
A l l Season Probable Maximum Nonsnowmelt Flood 
Qp 125, 000 cfs 223,900 c f s * 318, 500 cfs 
tp 84 hrs 54 hrs 60 hrs 
qp 46 csm 165 csm 78 csm 
DA 2, 725 sq .m i . 1,361 sq .m i . 4,086 sq.mi, 
Springtime Probable Maximum Snowmelt Flood 
(constant re lease f r om Dickey) 
Qp 72,000 cfs 234,400 c f s * 305,800 cfs 
tp Uni form 54 hrs 54 hrs 
qp 26 csm 172 csm 75 csm 
DA 2, 725 sq .m i . 1,361 sq .m i . 4,086 sq .mi 
Springtime Probable Maximum Snowmelt Flood 
(Dickey initially ful l ) 
Qp 144,500 cfs 234,400 c f s * 339,600 cfs 
t p 90 hrs 54 hrs 60 hrs 
53 csm 172 csm 83 csm 
DA 2, 725 sq .m i . 1,361 sq .m i . 4,086 sq .mi 
* Includes base f low 
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both the d ischarge of the Saint John R iver and the concurrent f low 
of the St. Franc is R i v e r located about 1 mi l e downstream of the 
proposed dam site. The r e f o r e , it was necessary to develop a 
ser i es of ta i lwater rating curves at Lincoln School re f lect ing va r i -
ous contributions f r o m the St. Francis R ive r (plate 2 - IV-18 ) . 
These curves we re expanded to include f lows up to the probable 
max imum discharge of 318, 500 c fs . The computer p rog ram, 
"Wate r Surface P r o f i l e s , " developed by the Corps of Engineers 
Hydrolog ic Engineering Center , Davis , Cal i fornia was uti l ized to 
develop these rating curves . The re la t ive ly f lat nature of the Saint 
John R i v e r necessitated a hydraulic analysis beginning approximately 
6 m i l e s downstream f r o m the dam site uti l izing normal f low depth. 
This analysis was pe r f o rmed util izing the channel surveys completed 
in July 1966 and the available overbank data f r o m the most recent 
mapping of the area . 
The ta i lwater rating curves developed indicate that under the 
most remote condition of concurrent SDF f lows on the Saint John at 
L incoln School and on the St. Francis R i v e r , that the tai lwater e l e -
vation at L inco ln School dam would be approximately elevation 570 
fee t m s l . Ta i lwate r to this elevation wi l l not have any e f fect on 
spi l lway capacity. 
11. L I N C O L N SCHOOL S P I L L W A Y 
The Lincoln School dam, an earthf i l l embankment, w i l l have a 
tainter gated spi l lway. The spil lway wi l l consist of four 50 feet high 
by 60 feet wide tainter gates, or the equivalent, capable of d ischarg-
ing the spil lway design f lood of 318, 500 c fs , with a maximum pool 
not exceeding 625 feet ms l . Detai ls on design of the Lincoln School 
spi l lway and gates wi l l be presented in Design Memorandum No. 18, 
"L inco ln School Dam - Spi l lway. " 
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SCALE: 1 : 1 , 0 0 0 , 0 0 0 
WATER R E S O U R C E S 
DEVELOPMENT P R O J E C T 
SAINT JOHN R I V E R B A S I N , M A I N E 
DICKEY-LINCOLN SCHOOL LAKES 
ADOPTEDISOHYETAL PATTERN FOR 
PROBABLE MAXIMUM PRECIPITATION 
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NOTES ON DISCHARGE CONDITIONS 
a) SPILLWAY CREST LENGTH 
EQUALS 600 FT. 
b) ASSUMED MAX. DISCHARGE FROM 
TURBINES =40,000 CFS 
c) OUTLET CAPACITY =32,000 CFS 
d) ALL SEASON PMP STORM 
CENTERED OVER ALLAGASH 
e)BASE FLOW EQUALS 27,100 CFS 
f) POOL AT SPILLWAY CREST 
AT HOUR "0" 
WATER RESOURCES 
DEVELOPMENT PROJECT 
SAINT JOHN RIVER BASIN, MAINE 
DICKEY-LINCOLN SCHOOL LAKES 
SPILLWAY DESIGN FLOOD 
ROUTING THROUGH DICKEY 
R E S E R V O I R 
NEW ENGLAND DIVISION,WALTHAM,MASS. 
A P R I L 1976 
P L A T E 2 - TZ- I 3 
N O T E S ON 
DISCHARGE CONDIT IONS 
a) ALL SEASON P M P CENTER-
ED OVER ALLAGASH. 
b) DICKEY CONSIDERED F U L L 
AT HOUR "0". 
c) DICKEY NORMAL R U L E 
CURVE USED. 
d) DICKEY S P I L L W A Y C R E S T 
LENGTH = 6 0 0 FT. 
e) ASSUMED MAX. DISCHARGE 
FROM T U R B I N E S = 40 ,000 CFS. 
f) DICKEY MAX. O U T L E T CAP-
ACITY = 3 2 , 0 0 0 C F S . 
WATER R E S O U R C E S 
DEVELOPMENT P R O J E C T 
SA INT JOHN R IVER BAS IN, MA INE 
DICKEY-LINCOLN SCHOOL LAKES 
S P I L LWAY D E S I G N FLOOD 
132 AT L INCOLN SCHOOL DAM 
NEW ENGLAND DIVISION,WALTHAM,MA. 
A P R I L 1976 
P L A T E - 2 - E Z - I 4 
NOTES ON DISCHARGE CONDITIONS 
a) PMP CENTERED OVER ALLAGASH 
b) MAY PMP + SNOWMELT USED 
c) CONSTANT RELEASE 
FROM DICKEY 
40,000 CFS THROUGH TURBINES 
32,000 CFS THROUGH OUTLET 
72,000 CFS TOTAL DISCHARGE 
WATER RESOURCES 
DEVELOPMENT PROJECT 
SAINT JOHN R IVER BASIN, MAINE 
DICKEY-LINCOLN SCHOOL LAKES 
SP ILLWAY DESIGN FLOOD 
48 60 72 84 
TIME IN HOURS AFTER START OF RAINFALL 
AT 
LINCOLN SCHOOL DAM 
NEW ENGLAND DIVISION,WALTHAM,MASS. 
A P R I L 1976 
PLATE 2 - Id- I 5 
TIME IN HOURS AFTER START OF RAINFALL 
CO 
NOTES ON DISCHARGE CONDITIONS 
a) PMP CENTERED OVER ALLAGASH 
b) MAY PMP + SNOWMELT USED 
c) DICKEY CONSIDERED FULL AT 
HOUR "0" 
d) DICKEY NORMAL RULE CURVE USED 
e) SPILLWAY CREST (DICKEY) LENGTH 
EQUALS 600 FT. 
f) ASSUMED MAX. DISCHARGE THROUGH 
TURBINES =40,000 CFS (DICKEY) 
g) OUTLET CAPACITY (DICKEY) = 
32,000 CFS 
WATER RESOURCES 
DEVELOPMENT PROJECT 
SAINT JOHN RIVER BASIN, MAINE 
DICKEY-LINCOLN SCHOOL LAKES 
SPILLWAY DESIGN FLOOD 
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P L A T E 2 - E Z - I 6 
AREA IN 1000 ACRES 
2 
CAPACITY IN 1000 A C R E - F E E T 
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DICKEY-LINCOLN SCHOOL LAKES 
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AREA-CAPACITY CURVES 
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A P R I L 1976 
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1000 C F S AT WATER RESOURCES DEVELOPMENT PROJECT 
SA INT JOHN R I V E R BAS IN , MAINE 
DICKEY-LINCOLN SCHOOL LAKES 
TAI LWATER RATING CURVES 
FOR L INCOLN SCHOOL DAM 
NEW ENGLAND DIVISION, WALTHAM, MASS. 
APR IL 1976 
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